Chips to evaluate the susceptability of epoxy molding compounds to moisture induced corrosion of AI conductors. We show that the procedure is sufficiently sensitive to discriminate between alssembly processes used by different molding facilities. Our data show that the location in time of the "knee" in the failure distribution is dependent on material properties of the epoxy.
INTaOciUCllON
This paper represents a continuation of our work involving the evaluation of the protective properties of organic encapsulants for microelectronic packaging [ l 1. In ref. 1, we described the Highly Accelerated Stress Test (HAST) performance of liquid organic t:ncapsulants intended for chip-on-board (COB) or cavity-fill applications. Moisture induced corrosion failures in organically packaged systems depend on both the properties of the organic encapsulant or molding compound and factors associated with the assembly process. In this paper, we describe the HAST performance of some epoxy molding compounds chosen for their ability to retard moisture activated corrosion. In addition, two different assembly ,facilities were used in an attempt to discriminate between assembly processes. The intent of this work was not to define a "best" materials cor vendors list for high reliability molding operations, but to contribute toward a comprehensive procedure for defining such a list. The four molding compounds used in this experiment were obtained from venders as characteristic of their best product at the time for preventing moisture activated corrosion. We have elected not to explicitly identify the manufacturers of these materials because our experiments did not involve statistically significant sample sets.
BACKGROUND
From previous HAST on plastic encapsulated ICs. it has been shown that the failure fraction vs. time function (failure rate curve) has three distinct regions [1],[2 ],[3 1. A failure distribution function is characterized by the time to SO% failure, t5,!, and a standard deviation. In general these failure distributions are well described by a composite log-normal function. Fig. I shows representative failure data for plastic encapsulated Sandia Assembly Test Chips (ATCs) collected during HAST experiments at 140 "C, 85% relative humidity (RH) and 40 VDC track bias. The design and use of these test chips are described elsewhere [4 1. The curves show data from this work which describes the failure rate of liquid epoxy glob top parts, transfer molded parts and silicone gel coated parts. Three characteristic regions are apparent in the epoxy curves. The first region, which occurs at the earliest test times, is described by a distribution function with a small slope (long projected tw). This part of the failure distribution, often called the "extrinsic" region, is associated with random failures produced by defects introduced in the manufacturing process. The third region occurs at the longest times and IS recognized by an observable increase in the slope of the failure distribution. This region is sometimes called the "intrinsic" or wear-out region. Failures in this region are in some way tied to processes or reactions associated with the material and the environment. Between these two regions is a "knee" marking the transition between the two failure distributions and, presumably, two primary failure modes.
Referring to Fig. 1 . the epoxy glob top curve clearly shows the three regions with the knee of the curve at about 150 h. The data for the epoxy molding compound shows a similar extrinsic failure rate, but the knee is extended further in time = 1000 h. In the case of the silicone gel, the knee has not been reached during the accessible test times, but may be starting at 2000 h. The position of the knee is primarily dependent on intrinsic failure modes and can be moved further in time by selection of increasingly superior materials and processes. This is illustrated in Fig. 1 by the replacement of liquid epoxy with a molded epoxy encapsulant.
High reliability in plastic parts is primarily associated with reducing the failure rate in the extrinsic region. Failure rates in the extrinsic region are related to defects in the die, the molding compounds and the assembly process. In the present work, special attention is devoted to examining the extrinsic failure region. Two independent molding contractors were used to assemble and transfer mold the ATCOl test chips used in this work. One contractor, rhe "blind," received no input from the authors on cleaning, lead frame material, and processing conditions; only the lot number of molding compound was known. The other contractor, Emanuel Equipment, assembled parts under carefully controlled conditions using cleaning and handling procedures specific to this experiment. Lead frames were alloy-42 (42% Ni; 58% Fe) Au plated on the paddle area, wire bond pads, and exposed extemal contacts. To ensure maximum adhesion, all areas of contact between the molding compound and the lead frame were to Alloy-42 except the Au areas near the chip. Class 100 clean room conditions were maintained throughout the assembly operation from die bonding through molding. Standard die attach (Ablestik 84-l L M l cured at 150°C -Ih) and Au wire (1.25 mil) bonding procedures were followed. Prior to molding, the p;iits were cleaned as shown in Table I . 
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The time interval between final clean and molding was kept under 1 h. Table I1 contains the specific materials and curing parameters used for each molding compound. Because the overall aim of this work is toward plastic package testing methodology rather than product evaluation, we chose not to identify the molding compounds listed in Table 11 . The ATCOl chips used for this experiment were all passivated with 1.2 pm thick 3% P doped Si02, deposited by low pressure chemical vapor deposition (LPCVD) at 400°C. Four of the seven triple tracks on ATCOl were used: TT2,4,5, and 6. The A1 linewidths, wAl, and line-to-line gaps, w,, of these tracks are shown in Table III. HAST conditions were 14OoC/85% RH, MO V bias on outer tracks with respect to the center track using the standard triple track configuration. Offline measurements of uack resistance were made at room temperature using general purpose data acquisition and control equipment. A failure is defined as an increase in track resistance of 100% over previous measurements. The failure fraction is the number of failed tracks divided by the total number of available tracks. Prior to HAST testing, all parts except group MC4B were temperature cycled between -65" and 150' for 100 cycles according to MIL-STD-883C Method 1010 Condition C. Following temperature cycling and immediately after an aqueous cleaning operation, the parts from each experimental group except MC4B were distributed across eight HAST boards. HAST on the MC4B group was conducted at an earlier time in conjunction with an unrelated experiment. in both cases, part location was randomized and preserved during all subsequent testing. The parts were periodically removed from the HAST chamber for offline electrical testing and returned to the chamber for further HAST. At the first offline testing interval (10 h), a single failed part from each experimental group (except MC4B) was removed for failure analysis. Although not statistically significant, these early failures provided an opportunity to examine the failure mechanism at work in the extrinsic region of each experimental group. At the completion of testing, encapsulant was removed with hot flowing H2S04 to expose the bond wires and die surface. Failure analysis was done by standard optical, SEM, and EDAX methods.
EXPERIMENTAL RESULTS
No electrical failures were observed after temperature cycling. The failure distributions for anodic tracks in the MC1 and MC2 groups assembled at Emanuel are shown in Fig. 2 . Cathodic failure data have similar distributions, but with longer failure times. Note that the failure distributions in the extrinsic region are similar, but the knee occurs at = 300 h for MCI and has not appeared yet by 2000 h for the MC2A group. The MC2B group was not part of this experiment, but the assembly was done at the same time and place as the LlC2A group using the same molding compound lot. In addition to thermal cycling, the MC2B group was subjected to salt spray. HAST was done in the same chamber, but at a different time. The MCZB group has a higher failure rate in the extrinsic region than the MC2A group, but seems to be converging on the same knee. Fig. 3 show that the controlled assembly p e s s resulted in better HAST performance. The MC4 data in Fig. 4 show a similar relation, although the early failure distribution for the MC4B group appears quite different than the MC4A group. The reason for the disparity in the extrinsic region is not known at this time. Table V , where the failed triple track is identified by "0" for outer track, "C" for center track, and "I" for inner track. Although corrosion in the high electric field region of the triple track was apparent in at least one case, the overwhelming observation was of corrosion on both bonded and unbonded (and unbiased) pads. The appearance of the unbonded pads ranged from mild discoloration to complete abscence of A1 metalization down to interlevel dielectric. The bond pads shown in Fig. 6 are typical. Additional electrical failures were observed in 4 of the 6 parts after encapsulation was removed. In the case of the MC1 and MC4A parts, these additional failures were substantial. It is not clear whether this is indicative of a continuing corrosion process after HAST 01 whether the molding compound was preserving an electrical path by physical constraint. showing complete removal of A1 on a Au ball-bonded pad. The bonded pad is to an unbiased test structure not used during this experiment. Corrosion and Al depletion is also evident on an adjacent unbonded pad.
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Further failure analysis of the bond pad, triple track, and the overall surface of the ATC samples by EDAX did not reveal any impurities that could lead to corrosion. Our limit of detection was about 0.1 atomic % . EDAX analysis of cleaved molding compound that was taken from the set of removed 10 h samples showed Si, Br. Sb, and Fe. In parts, such as MC1, higher concentrations of Br were observed than in the MC3A&B samples. Brand Sb are standard flame retardant additives.
Beyond the knee, or in the intrinsic failure regime, failures were dominated by bond pad corrosion and bond wire separation. In some cases, corrosion extended undemeath the chip passivation out into the triple track region. No dendrite growth or intertrack shorting was observed. Corrosion occurred at both anodic and cathodic biased bond pads and also at bonded but unbiased pads. The failure rate did not depend on track-to-track spacing as discussed above. Figs. 7-9 contain SEM photomicrographs of an MC4B part after 2000 11 of HAST at 140 "C, 85% RH and 40 VDC bias. They are representative of virtually all the decapsulated parts at the completion of testhp
DISCI WON OF RESULTS
Mold compound discrimiriation Fig. 2 indicates that HAST can discriminate between molding compounds used for high reliability applications. The t3, for the MC2 compound is at least a factor of 2 greater than that of the MC1 Although two distinct slopes are observed in the failure distributions for all of the parts in this experiment, we were unable to determine any difference in failure mechanisms for failures in the two regions. We speculate that extrinsic failures are produced by corrosion enhancement mechanisms such as contamination in the molding compound or poor surface adhesion in localized areas. Fig. 7 . The cracked and delaminated P-glass visible adjacent to the bond pad is caused by corrosion of th(', underlying AI tracks.
Assembly contractot' rlisc.riniinutii vi The data in Figs. 3 and 4 show that carefully controlled assembly performed by Emanuel resulted in SI ightly better HAST performance than the "blind" vendor. These data are consistent with the hypothesis that only the extrinsic failure distribution varies be! ween the two molding contractors. The intrinsic portions ol'the failure distributions in Figs. 3 and 4 for the two molding contractors have approximately the same slope and mean value. We did not observe any difference in failure modes between the parts in these two populations. The fact that 194 the improved HAST lifetime for the Emanuel assembled parts was observed across two different molding compounds adds validity to our assertion that HAST can discriminate between molding contractors. 
CONCLUSIONS
We have demonstrated that the HAST performance of transfer molded ATCO1 parts is well described by a composite log-normal distribution. Our data show that nominally identical molding compounds can produce a large observablc difference in HAST performance. Our experiment to discriminate between two different molding contractors resulted in small but discernable differences in HAST lifetime in each of two different molding compounds. Further experimentation is required to clarify the nature of failures in the extrinsic region. It is not clex at this time how to decrease the failure rate in the extrinsic region. Such a reduction is necessary if plastic is to be applied to high reliability applications
